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(54) LASER SYSTEM AND WAVELENGTH DETECTION METHOD 
(57)Abstract: ^ ^If 

PROBLEM TO BE SOLVED: To provide a laser 
system capable of accurately controlling a 
wavelength without exerting effect on the 
detection of the wavelength even if the 
fluctuations in characteristics due to the change of 
an etalon with the elapse of time. : U 

SOLUTION: The laser system is equipped with a 
first wavelength detection means including a laser 
oscillator, a first reference light source and a g. . j 

grating type spectroscope and detecting the S i 

wavelength of a laser beam outputted from the g • 

first reference light source and the wavelength of jjty X* €£ ^ L 

a laser bean outputted from the laser oscillator, a 
second detection means including a second 
reference light source and an etalon type 
spectroscope and detecting the wavelength of a 
laser beam outputted from the second reference 
light source and the wavelength of a laser beam 
outputted from the laser oscillator and a control 
means for calculating the relation between the 
wavelength of the laser beam outputted from the 
laser oscillator and a target wavelength based on 
the detection results of the first and second 
wavelength detection means. 
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1 

ism i osie^as^^ta^i zixzmmitcDtiig: t mm t- 

(ommytrnfr tbmx&frz mmyt<nm& t mm u-vk 
mmm i s.tj«^ 2 <DKsittB^is:i-«t o xm (b>nz>mm 

^*^c:S'^v^r, mils f&m&frib m?]£ tt-5u — 

mm i (ommytn^b mt) zfrzmmftnwim t mm ^ 
mi w&s&w^jat, 

^i?n>-^^Sg^^ SfrlEU- em** 
*i5 U'— r>t(DjKftSr«ltH-rSf52 wfcttMttmai: , 
rnifE^ l 2 tf>ifcft& W^JtSrJc J; o r# tbixZ&m 

mmmm^AK mm^~^m^hmt}^^>u— 
[is*3S4] mmmffl^&tf, mm^-^m^t^ 

xummft&mmzmm ufc =■ v-^ts. m 1 ~ 

4 (o^-rn^^ i mmmco u— rms«, 

imxme] mmm2<Dm&&tii^®AK mA<o^f£ 

~ 5 <Di^-r*t^ i ^istt© u— t^e„ 
im#m7] mm?i'-irj^ymwt&&xf/3ut. 
mm^ imfflffl^&&m-fz&;mv 

[tt*^8] mie^ i xtt^ 2 cos^ai^, P t 9 
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i¥^e>ii«n./cio-^fci9. HfFis^ i xi-zm 2 

2S75^tti^$ix2)gE*PW2oW^^^S*KSi: L-T 
ff#Jl 1 ~ 7<£>t^-f*ta>l JS15«c<£>l — -th* 

[§t*«9] mmmKDfem&m^&tfjEmizmmL. 

Mri^fctJ;'} £n&gE*nw 3 -z><Dmyt&(Dft<n 2 o£-gi£ 
mmm 1 WiSSIttB^f^tb^-arS g B^Bfr3M£& £ 

[it 10] ^1 ossg^as&t^^ u-^ ^ v ^ 
mmntrnfrbtat) £ t mm 1 — fis® 

(a) 

&m^$k&m\<^x. mmm2<Dmm%:mfribmt)&hz l 

20 ^(D^ttmm^-^^-yy (b) 

XTvZf (a) (b) lc*5tt-5^bb^^ 

zSfiir g^fitoig#^*J6S^.^5/7° (c) 

11] If! 1 OS*3t81S.t5^u~7 i ^ i/j/S 
^SS^tf^lco&S^W^g^fflv^, HfrfS^lco 

(a) i:, 

30 ^^nvS5^tS§Sr-g'tf^2cDiKS«ltH#©^fflv^T, 

-r^^yy (b' ) 

(a) S.t^^^s/T" (b' ) ^*J(t6^tU^m 
©Mi e^KSirroBl^Sr^toS^^s/^ (c) t, 

[ffl*«12] ( c ) ^j5 x ffJfE^ 1 ©ftg^ 

ftiw 2 o«| t mm if 5> $ *t S 1- 

40 — lF3tcDKS i: ^itilts'r <t l£ J; <5 u— !f 3to«6St& 

s***, mmm2<D$i&&Bi^@c$:mi<^xn<bi : itz&i 

S^J^^n 5ri Sr^-tp, if l 0 IE«co»S^(±l^- 

So 

[ff#>si3] ^^5,7° (c) mmv—^m^ 

50 5rt Sr^tf , ff l 2 fE®OKfi1tm^&o 
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£6>ic Affile 

^T^?" (c) tfrtBU- if^s^^^m^^tt^u 

5] ^^^^ (b) (b' ) ^ m%t 

[ffptfSl 6] xryzf (a) Oftj^ ^U— r>< > 

ymftyt&ttm femmcmm trio < ^ > ^ £ ic 

JM»i-*»#« 10-15 ov^tt^- 1 «IS«co&g^ 

H»3fc«i 7] (a) a>\ mriB^icosm* 

ti\ ff*:^i 0 — 1 6 0^T*L7^l J5fB«(7)u— iffto 

[it i s ] Mfejg i cDfc&&te^&fciEmicmm 

LTfflv\ i>? lo^u— if^&Sir^b 
TMIE^lco&^tlj^{^m^^6^^^^^ 

(-A#-t-5if*«i o-i 7<D\,^-rtifrimmm<D$i& 

[0 0 0 1 ] 

imw<Dmi~z>mwrfrm — if 

[0 00 2] 

[0 00 3] RKft^fcx^r^ U-1f <D$8tgifcg: 
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4 

«9tT^nrt/c 0 0#I»ffl2 6 3 1 5 5 3^«lC 

ft^iotx^^l/- 1f3£«J&SM*£*VCV^ 0 HI 2 

if^-y V^l 0 OrtfcLf*, »A**tfc^— l^^«Sr» 
«Bfi1-*fc«><E>«« (H**i*) . I'-lf 

^fftV^ 1 0 0O7ay hlffliCfS^-Y > Kl 0 1 
t^visbZ?— 1 0 3^Eg^ttT^5«9. yTlfiijfCte; 

So WfcttflrfTC 1 3 0 fit, !)7^7 — t L>XW$£~$~Z> <b 

^ >- h ^ 1 0 3^iloTtU^J^^L N ^CD— gp^gp 
5>R»^— 1 0 4KJ:oTB*9Hi£*LSo ^9tH£*L 
fcl — if3fef*. S*5t«l 0 5^e>3B*U^:S2|S*^* 
t^x^oy4 3 0 W^r-f^«*S 

^>^M^3t^4 4 O^ioTftttJSttytjftfiSrS-r^ 
20 ^«g=iyhp^7io8l:fflA^ C<Z>7*— * 
icm^t. K9>f^l 0 9^U, Sfe#«^l 3 0 

[0 0 0 4] HI 2 lie, ^^x^ny4 3 0 O^^IJ 
^-To i2Kc^V^ gP^Rtt^^— 1 04 (HI 2 
0) ^£oT^W*tt^:U-1f3t«>— fett4 3 
fls£*K SB4>Stt^7 — 4 3 2SrffliSU * 

mmytmi o 5^^>^b^s^^^#t^ 9 

— 4 3 2 (Cj:oX^#tbT, m<bte^^u>4 3 5(Z) 
^■^tbStt^tt^o ai^n>-4 3 5£:jgi&L7tl'— if*S 
30 ^S**fi, feiLU>'X4 3 4 5:ii@U 3 
4 3 8^timKt^o u-if3fc(-J: 
5^8*4 3 7^ S2S^cJ:S^«S4 3 sofiflr 

o J: 9 (c v Sip5to^p^iof4S4 3 8 t if^to^F 
8IW©ttf4 3 7 u- if jftftSrtmt-t-tu 

40 Srtaa-t-sr t^s-e#So 

[0 0 0 5] i2 2(^i^-r>f>^iM^4 4 0^ 

PI— *K-CA#t**5R4 5ijcA» 
;7-44 3(aot^W^tl, 4 2f: 

**»tt. Dfl®^4 4 2{C£oTA#*^y ^/ h 4 4 4^fi 
B-C*3te*^ AM^ y h 4 4 4 Sriiig-t-fco Att^ 
y > h 4 4 4 Sriiig L*:3fcti\ M^4 4 5|cJ:ot¥ 

tT^t^^^n. ^ 7"-f 4 4 6 iCAtt"t"5 0 ^ 



•fcoTRItStu ©#r3fc<DA#t* SI * Hfci L,T«j£B5 

■f-S-^tb^tlOlPltFf^tOAAt^ yyh«44 8, 449 

«44 8, 4 4 9©fig^fftt5o 
TtOHIlff^OAtt^ l)yh«4 4 8 t 0**0) Alt* 
Us/h«4 4 9 0ffij|S:, 3tefifcH't>'iJ-4 5 0{d£oT 

[0 0 0 6] WtfEI2 0Sr#Ha-fSi:> rcou-ifSgg 
5^e-^^^n>-4 3 0 ir^U— 7^ >-^3rffi^-a£l^ 
4 4 0^IiLTl^ o ^fOlSMft^i 

m (A.o— A. ) = 2 n d ( 1 — 
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[000 7] x^py^t^^d, m^a 

p v«:»ifi U SIX lSfcffi«*d*jt-t-S. 
m' X = 2 • n • d • c o s 0 •*• (1) 

(i) m*i»:*i:»*>ix*lE«-e*>s. 

m- X 0 = 2 • n • d — (2) 
(l)*, (2) i&frb (3) S^»b*l5 0 
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0) =4 n d 



e ±? o -era: s i n 0 * e -e*>5<a-e, fflfas^ it 
(4) S:^#^tb-5o 

m (io-X) =n - d • 0 2 (4) X- 

A. = U" (n-d/(f 2 -m)) 

fMSIrU, *n«XOTt(W¥««: r (m s ) , * 

Xs=Ao- (n-d/(f 2 -m s )) 
Xu=X 0 - (n'd/(f 2 -m L )) 
(6) 5C£: (7) 7K.j>*t> (8) SCdS#fe*uS. 

X L =^s~ (n-d/f 2 ) ( (r (mj ) 

) 



i n 2 (0/2) 

- (3) 

fcfcfci^XofcjiUE** f . TaM»*««:r (m) 
*U2\ r (m) = f- tan^f 0tfe5(DT\ 

(5) 5&&M»&ft*o 
(r (m) ) 2 --; (5) 

★ r (m L ) \ ^ttl-FtKOlkiktrm^ m L <hih<5£, 

(6) (7) s:^»e>n<5o 

• (r (m s ) ) 2 - (6) 

• (r (m L ) ) 2 - (7) 



Vm L — (r (m s ) ) 2 /m s 



(8) ^{CjoV>T^ s . n, d, f ttRftHOtt-efc 9 , 
T*J»*ffir (ms) > r (mj tt»JE£i-«ft*ms, 

[0 0 0 8] kZ.?>X\ (8) StfcjSVvTtt. JB*f*n 

««^®lff*tt«t«ri:^a*SO-e, ^u^*^ ^ *40 

ls=U- (n s -d/(f 2 -m s )) • (r (m s ) ) 2 
X L =A.o- (n L -d/(f 2 -m L )) - (r (mj ) 2 
(6* ) (7' ) 5ta>6> (8' ) 5taq»6*b*. 

A, L =* S - (d/f 2 ) [ (n L - (r (mj ) VmJ 

+ (n s - (r (m s ) ) z /m s ) ] 

) 

(8' ) jfc&ffl^tltf. l'---y ! ft<Dm&t:£QjEmzWr 
[0 0 10] mcXZ^fv lstt<DWffi 



... (8) 

[0 0 0 9] 1f*««rl^ 5**»fttls, 

tf, (6) (7) *f±*Jx-P*t (6* ) 

(7* ) sti: ft 5 0 



(6* ) 
(7' ) 



(8' 



latf— ^fftott«^BB35$jxTt^<^-e, (8 J ) 
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[0 0 1 1] Wh, =n#x2>{a^ &WL&<DU—*?%$: 

MKMrnx^mx % z> j: o tc <D%.%im& b^tx 

^ ? n isfr&m £ titi *) WtW £ ft 5 #H^4 1 <nm&<o& 

(8' ) ^(^^^cz^^^y^d^BHir^l^bi- 
[0 0 12] fllxfi, ^^n^^r^^/c{g:^?tgT^V> 

8 J: 5ftfM#P«:fT ^m^tcte, (8* ) CS^^i/- 
If** A. E.SrfHIC-t-8 i: d ;y ^ d O^tb^p 

^S<ft*««i*fTto*L-Cv^a4:tt|Re>3&v\ HI 2 0 
1fS«<DJ:5lw, *i^«*tftffl»i Lt^ 

[0 0 13] (8' ) S^O^nV-^s/^df*, ^ 

<Dmmm*n&\c «t o -c*r£-t- * ^ t &mz>xm 
mxfoz>o =*uis<Di%&tp j $>tiLm+<Dm&&& 

fclB»*XffSft^,fc 5ftjftftW-a*aSr^t?i^-1fK 
[0014] 

£fi?&-r-<< ft^ftfcfctfVCfctK x^ny^fft 

i\ 5E»ft«*WJW*stfA*u— t 
SrgW^i-*,, £6>K. **91f*. -tOcfcSftV— if56 
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[0 0 15] 

46, #^<£>fSl IfSSKKi:, u— tffg 

— if <b $ ft s if *s>»* <h 

k u-lf 36«»j&» W^j * ft $ if 3fco&* £ £r 

10 *wi"s*2o«jH*m^afc % *iXtf»2©Rfi« 

<b ttJ* S ft $ If **>«* t g t <z>Hffi 

[0 0 16] *8«iO*2©Ite«5W If 

myt<om&t u-if»«8s^e>ffl**ns if3feo« 

1^— if*fi*^feffi**ix5u---1f3e:cojKfi 
20 Sr«ttSi-5JB2 0jftS*a^ai:, ilM!2 0SS 

i^tu^a(-j:oT#^n^^m^^s<5^T, if 
[0017] *mw(om 1 <o**^«5«fttftaj&tt 

-wt<Di&&bt:ikm'i-&x7v7 (a) m2(omm 

30 ffiv^r, »2^S2p3te«^fefflyj$nsSJp3te^«[S4: 
If ^> tB^J * tt 8 tf 3tO«ft k 4rtft a-f 
^^7^^^ (b) k, *^yy (a) Rtf^^y^ 

(b) (C*5(t8«lbbjS*tcS<5V>T, If 

* tt8 !f k g <b 0>BS««TJfci& 8 
^^y^ (c) t*ft«li-8o 
[0 0 18] £fc. *«M<D»2 60«^C«5ttStftttJ 

^^f^lco^SMm^a^fflv^T. Mios^as^^ 

40 l — V%<D&&b*:llkmi-Z>**ryzf (a) 

>mft%&%^ts&2<Dfe&&m^wt*m^x, ? 

-7 (b 1 ) *J-yZf (a) mi^J-y? (b' ) id 

6 u~if yt<D jfig <b g k (omm 8 ^ t y y 

(c) .t^^-r^o 

[0 0 19] 

50 v^Tfil^— ^#Ra##Srf+LT, rtte>OiftWSr*l&i- 
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[0020] 01 \^ &mw<Dm i ommmmz&z u 

^titfc^ fltSWUai, ^/^^<>7— ^ev^^L— /i^fco 

[0 0 2 1] u— if^;/^ ioy rli:7Dy h{B]<£> 
^rtb^tt^^ > K2, 3^ tf^-*>v<i 

[0 0 2 2] »**#*^3 0^«toT*W*^*tt 

AU *«Sixfc^-lP*^u—1f^^rW<l 
^K3«ra«U i'— 1f^*^*ttKUAS*L3. * 
3H»B«fc:«5 if§£Bte. « l ojRftttffl^a 6 o 

>K3^btattb/cu-if5t^ SK2ofte«a^a5 

[0 0 2 3] ^2 O 5 0 dAJft bfc if 

JKioirfii^afflufcu— 9*3tr4> tr— 
(aotii^ (E^irftij) ir^3o^r^ (b*t 

mm Ltc u — -9*3ttt. JfS i oiSS^ttJ^ifc 6 o o^fttc 

mati-*o ^i^s^tB^S6 otaituci — - 
^6faot|i^ (B**r«) (in 

fpjicaiflbfcu— if5ttt\ if3£B<OttJ;^3fci: LtB 
[0 0 2 4]—*, fcf— A^^y y^f 4l££oX&2<D 

oT^3o*ifttc:sit$ttybu— ^5tfi^ tr— A^y 

^ * 5 or^^Ei s titcnftRH $ it 

^*n>-3!#3te»i 3tcA#t^5o f£2 
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^ V^c^ a >g?#7fc§£ 1 3 (cAtt-T^o 
[0025] tr— A^^y «^6i:j:oT»4«: 

B * *xfc«B#KW 5 5 - 9 SrigiS It/ u-ir ^ > 

io [0026] ^KD&g^tB^©6 ortraeitsnfc* r 

m 2 OSft!±3f^ 5 0 ftlC&WZtlTz*—*^* n v 

r«iuusny5ijs*fi, Kft^ ^ hp- 5 i stem*** 

[0 0 2 7] J£*Tlc\ Bll^i-u— ^36««rfflv^TjK 
SSrftfefflU #J»i-S*«fe<Z>ISaS:lftW-t-So L— if3t 

SX L £tf§hr-£ 0 ffiU ^^r-f^IMSl4 

[0028] ::-ei^u-f>f ^^^iv^ot, m 

<, l — if5t^ififiii.o]E»*« (*6**«ft) 

n5 0 **5, ^if*^jfifil L jdSBa«Sfi«[fiAT^fe 

30 *z <j>vt%x^tcm&ta±, mftmtnftic&sztiiz 
fc^#(-7>rv*^±K»*sixsTaM«i, six 

Alt L/c t # 9 >ir ^ih ±{cMf& £ ixST 

ft«ig^*^*»J»-rsr i:(r < toT2o^^JB 

40 lc»*liiSWtSci:^t?f5 0 

[0 0 2 9] ^ . tf JtS:^ 2 W«fi«|ffi*a^ 
Alt * -Brfc «h # te 5 ^ ^ir >V±\cMf& £ ti*¥»m<D 

P s 4rS2pi: bTU-if3tO@^tgjKeA T ^gKS*t- 

Swtwo, u--if*o^-r6^p#iW^{flrep s 

^Wtt^aEftbfci: bTt>, u—tf*^jj[«a, L 4rB« 



11 

[0 0 3 0] illOTt iPaSfllSrflH/^ntf, 

[oo3i] h 2 s& 1 <o»s«m^a^*fls:0y^fli 

§S6 9^^tl5 0 35 1 OSqSftjR 7 4 t L 

T<DP t 7^&»tlfc*l ^Sfllftfi. 
/^7 5M^yX7 5' . y# 7 6 LT§|5 
»R»^7-7 3|cAltU RltLTmo»«tftffl# 
ao*^ffiW-f-5o ^X7 5' fiS*7tM7 4<7)7fe^r 

(c^ff^sff flct?a^ttT*5 «9 % if ^ w >- ^M^*^ 
^COAD PSBlcf*. ^y^h6 7^SBt^titV^ 0 ^ 
y7h67 £riii® L/c U—iFft&tfSB 1 <^S*3tfi, 3 
iS^^lStt^ 7 — . t^H^7-6 6, ^7-65, 
;7-6 4iaoT^ltlf:g, U^X6 3(dJ:oX 

mi<Dmmyt^\y^^6 3^aiiu ^7-64, ^ 

— 6 5. ;7-66 ICioTSttbfc^ CCD68C 

[0 0 3 2] ^CT% ^7-l«t##illS:Rltfct 
OSrffiJBL-C, T»7^;^7 5^fit5^t^-C 

A 1 T-mtff&gfrm 1 , tSA2 T?ig#f2fcSm 2 i: 7^ 
^mlxn=m2Xl2 <0B8«*«t*:-tirfi, 

X$t£\,\ L^ot, Pt7^19 3nmS(5© 

xi^^^^/J>$ < H m*.li, 1 9 3nmO««t*« 
H± 2 0 n mO^ftEO^^rjgili-^ 7 ^ /l^ cogig^ta 

So 
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[0 0 3 3] Zti&&Wi-Z>tctb\^ =f-»7 4/u*$:m 
g]2(Cio^^ ^7—6 4RV<^ 7-65^ LT, 
&g 1 9 3 nmia^"C5tSSt^OiSV^mflc#eK5: 9 
^tfflt^Cir^ftSo ffilx.fi. HI 3 (a) tc^-T 
J: 5 *#3teK*t**W*«:i*o ;7-$:;7^6 4.js£.XJ 
^7-6 5lcttfflf^i; s 5tfi N 7=--<^^3t» 

Z<Dtn#>* »*K»*»ttliH3 (b) 
<t Pf-ftO. jfiftl 9 3 nm*dfc»tSK*t*35 s 9 
10 0%^_b"C, -tn«^coKST*fiJ5lSO%{ciSV\ Lfc 

[0 0 3 4] ^^r^^)tg6 9«:, 

[0035] ^ctc. *&w<Dm\<nnm&mK&z>\'-- 

SO— «^f7D- h-trfcSo ^H%^ffi(c^ 
tt5»fi«iatCOV^T, ArFx^i/-f, ^t^^ 
l^S*M<l:tTNe$tAPt (S^) 7^^^fflV^ 

30 &mt£tl1tA r Fx^fWl/-f(OiI|§if«f 
tt, »1 9 3. 3 6 8 nm± 0. lnrat$)6o ~1 
N e ftAP t 7 iszftt^ 1 9 3 n mOia^^^cD 

«IMtU r^T1i:PtOSSPtl = 19 3. 4 
3690nm<tNe COjSSP t 2 = 1 9 3. 00345 
nm«:S2pifi*£ LTfflV>£o 

[0 0 3 6] BI4JC*5V^, if, #*3SiftLfc|g-CS> 

40 «r£lcte, fg i oKS^Ili^lS: (^i/-f-fy^a»* 
S+Sl^S¥*I) lii<t««ftlltHU-^-^v (El 

5Xt«B6) fc«PfT-T*. ^«lft1"5fct5 
Sfc. gff^WSiSi-S^iWc:. if\s— s rjis4f& 

^ (TJ ffijx.fi l3ira-ly^T*fc-5 0 ±IE» 

(0 7) \c&ft~fZ 0 
50 [0 0 3 7] «TK1, ffl 1 CD&JM&ffi^Jf^ J; ^> jSS^ 
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>-^ra#r£n£<h, *1\ x'rvys 2 i tc^-c, t 
mm&tftE-tz>(Dx\ m i <D&&&m^&&tom£frx 
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<oar*SrffjfcL Uf^S9 7) , fM^fiiX i 
(i=o, N-i) d»b^»Wftffi«x A SrtHlEJc 

[0 0 6 8] ^r>7 7 p S9 9{^V^T, ifX^— s r 

^>SrBB*6i"S 0 111 9i^f <t ^ry/S 
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